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INTRODUCTION 

N a t i o n a l  e n e r g y  n e e d s  demand t h e  deve lopmen t  of a s u p p l e m e n t a l  n a t u r a l  gas from 
c o a l .  T h i s  i s  o f  d e e p  c o n c e r n  t o  t h e  p i p e l i n e  i n d u s t r y ,  t h e  g a s  i n d u s t r y ,  and t h e  
c o a l  i n d u s t r y .  What i s  needed  i s  an  o p e r a b l e  economic p r o c e s s .  The  Bureau  o f  Mines 
a t  Bruce ton ;  P a . ,  h a s  d e v e l o p e d  a p r o c e s s  f o r  making a h igh -Btu  g a s  f rom c o a l - - t h e  
S y n t h a n e  P r o c e s s .  The s t e p s  o f  g a s i f i c a t i o n ,  g a s  p u r i f i c a t i o n ,  and  m e t h a n a t i o n  have 
been  tes ted t o  t h e  p o i n t  t h a t  a p r o t o t y p e  p l a n t  i s  b e i n g  d e s i g n e d .  

THE OVERALL PROCESS 

The S y n t h a n e  P r o c e s s  is shown s c h e m a t i c a l l y  i n  f i g u r e  1.  The maim components  
a r e  t h e  g a s i f i e r ,  t h e  s h i f t  c o n v e r t e r ,  t h e  p u r i f i c a t i o n  s y s t e m ,  a n d  t h e  c a t a l y t i c  
m e t h a n a t o r .  The water-gas  s h i f t  s t e p  i s  commerc ia l ,  and  no  work h a s  been  done on 
t h i s  s t e p .  The  Bureau  h o t  ca rbona , t e  p u r i f i c a t i o n  work was d e v e l o p e d  a b o u t  10 y e a r s  
a g o  11 and h a s  been a d o p t e d  c o m m e r c i a l l y  b u t  i s  no  l o n g e r  b e i n g  r e s e a r c h e d .  
g a s i f i e r  and m e t h a n a t o r  a r e  b e i n g  t e s t e d  a t  t h e  p r e s e n t  t i m e .  

. The p u r i f i e d  gas h a s  a h e a t i n g  v a l u e  of a b o u t  500 B t u / c u  f L  b e f o r e  m e t h a n a t i o n  
and a h e a t i n g  v a l u e  e x c e e d i n g  900 B t u / c u  f t  a f t e r  m e t h a n a t i o n .  

The 

The G a s i f i e r  

The g a s i f i e r  i s  shown i n  f i g u r e  2 .  I t  i s  a f l u i d - b e d  t y p e ,  o p e r a t i n g  a t  
40 a t m o s p h e r e s  (600 p s i a )  a n d  up  t o  1 ,000"  C (1 ,830"  F ) .  The c o a l ,  70X t h r o u g h  
.ZOO mesh ,  i s  dropped t h r o u g h  t h e  p r e t r e a t e r  w i t h  oxygen and s t e a m  ( o r  CO;,) a t  
400" C (750" F ) ,  where i t  is r e n d e r e d  n o n - c a k i n g .  
i n t o  t h e  c a r b o n i z a t i o n  z o n e  and f i n a l l y  t'o t h e  g a s i f i c a t i o n  z o n e  where i t  is 
g a s i f i e d  w i t h  s t e a m  p l u s  oxygen .  

The decake,d c o a l  t h e n  f a l l s  

R e s u l t s  o f  t h e  l a t e s t  t es t s  w i ~ h  f r e e - f a l l  p r e t r e a t m e n t  a r e  shown i n  t a b l e  1 ,  
where t h e  d a t a  a r e  compared w i t h  a s s u m p t i o n s  made f o r  t h e  economic s t u d y .  The 
d a t a  shown have  met or  e x c e e d e d  a l l  assumpti .ons made,  c o n s i d e r i n g  t h e  l i m i t a t i o n s  
o f  o u r  6 - f o o t - h i g h  g a s i f i e r  w i t h  r e s p e c t  t o  t h r o u g h p u t .  A u n i q u e  f e a t u r e  o f  t h e  
p r o c e s s  i s  t h a t  a l m o s t  60% o f  t h e , m e t h a n e  i n  t h e  p r o d u c t  g a s  i s  made i n  t h e  . 
g a s i f i e r  . 

The Me thana  t o r  

The deve lopmen t  o f  t h e  m e t h a n a t i o n  s t e p  h a s  p roceeded  on two p r o c e s s e s :  
t h e  h o t - g a s - r e c y c l e  (HGR) 2/ and t h e  t u b e - w a l l  r e a c t o r  (TWR). 21 Development  
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a t  p r e s e n t  is i n  t h e  TWR s y s t e m .  T h i s  s y s t e m  is shown i n  f i g u r e  3 .  W i t h i n  t h e  meth-  
a n a t o r ,  t h e  g a s  ( f r e s h  f e e d  p l u s  r e c y c l e )  p a s s e s  up o v e r  t h e  o u t s i d e  o f  s e v e n  2 - i n c h  
d i a m e t e r  t u b e s  which  a r e  t h e r m a l  s p r a y e d  w i t h  Raney n i c k e l  t o  a t h i c k n e s s  o f  0.020 
to  0.030 i n c h .  The t u b e s  a r e  b a f f l e d  t o  i n c r e a s e  t u r b u l e n c e  o f  t h e  g a s  f l o w . '  
R e s u l t s  o f  t h e  l a t e s t  t e s t  are shown i n  f i g u r e  4 .  The p r e s e n t  t es t  h a s  b e e n  o p e r a t -  
i n g  2900 h o u r s ,  e q u i v a l e n t  t o  240,000 SCF o f  h i g h - B t u  g a s / l b  o f  c a t a l y s t .  The 
d e s i r e d  s u l f u r  c o n t e n t  b e f o r e  m e t h a n a t i o n  m u s t  b e  less t h a n  1 ppm; i n  m e t h a n a t i o n  
tes ts  a t  B r u c e t o n  t h e  s u l f u r  c o n t e n t  o f  t h e  f e e d  g a s  h a s  been  as low as 10 ppb.  

NEW DEVELOPMENTS 

P r e t r e a t m e n t  

The t h r o u g h p u t  o f  t h e  g a s i f i e r  would be  improved i f  a c o a l  c o a r s e r  t h a n  70% 
t h r o u g h  200 mesh c o u l d  be  g a s i f i e d .  A t t e m p t s  were made t o  p r e t r e a t  s u c h  c o a l s ,  
b u t  n o t h i n g  c o a r s e r  t h a n  30% t h r o u g h  200 mesh c o u l d  be p r e t r e a t e d  i n  t h e  p r e s e n t  
f r e e - f a l l  u n i t .  The p r e t r e a t e r  was changed  b a c k  t o  t h e  f l u i d - b e d  s y s t e m  used  
o r i g i n a l l y .  4,/ 
by 0 was p r e t r e a t e d  e a s i l y  w i t h  less oxygen t h a n  needed  f o r  t h e  f r e e - f a l l  s y s t e m .  

F i g u r e  5 shows a s c h e m a t i c  o f  t h e  new s y s t e m .  C o a l  2 0  mesh 

G a s i f i c a t i o n  

The c h a n g e  t o  a c o a r s e r  c o a l  p e r m i t t e d  a n  i n c r e a s e  i n  t h e  l i n e a r  v e l o c i t y ;  ' t h u s  t h e  c o a l  f e e d  c o u l d  be  r a i s e d  e q u i v a l e n t  to  a b o u t  50 l b / h r - f t 3 .  

A c h a n g e  i n  t h e  bed h e i g h t  o f  t h e  g a s i f i e r  f rom 6 t o  1 2  f e e t  is  s c h e d u l e d ,  
b 
i which  would raise s i g n i f i c a n t l y  t h e  t h r o u g h p u t  p e r  g a s i f i e r  i n t e r n a l  cross- 

s e c t i o n a l  area. 

M e t h a n a t i o n  

Because  t h e  t u b e s  were d i f f i c u l t  t o  c h a n g e  i n  t h e  r e a c t o r  shown i n  f i g u r e  3 ,  
where t h e  R a n e l  n i c k e l  was s p r a y e d  on  t h e  e x t e r i o r  o f  2 - i n c h - d i a m e t e r  t u b e s ,  t h e  
r e a c t o r  was r e v i s e d .  We s p r a y e d  t h e  c a t a l y s t  o n  t h e  i n s i d e  s u r f a c e  o f  4 - i n c h -  
d i a m e t e r  t u b e s .  T h i s  r e v i s e d  u n i t  is  b e i n g  t e s t e d .  S i n c e  t h e n  we have  s t a r t e d  
d e v e l o p m e n t  o f  a new method of s p r a y i n g  t h e  c a t a l y s t ,  w i t h  t h e  o b j e c t i v e  o f  c o a t -  
i n g  t h e  i n s i d e  o f  t u b e s  as small as 1-5/8 i n c h  i n  d i a m e t e r  and as l o n g  as 30 f e e t .  
Such  an  improvement  now a p p e a r s  f e a s i b l e  b e c a u s e  w e  found w e  c o u l d  u s e  a wire 
s p r a y  gun i n s t e a d  o f  t h e  powder  s p r a y  g u n ,  which  had many l i m i t a t i o n s .  

I 
P r e s s u r e  

E x t r a p o l a t i o n  of r e s u l t s  of t es t s  a t  20 ,  30, and 40 a t m o s p h e r e s  show t h a t  
p r e s s u r e s  of 70 a t m o s p h e r e s  s h o u l d  r e s u l t  i n  a y i e l d  o f  m e t h a n e  e x c e e d i n g  
5 s c f / l b  c o a l  f e e d .  T h i s  h i g h e r  p r e s s u r e  would r e d u c e  t h e  oxygen r e q u i r e m e n t  by 
o n e - f o u r t h .  The p r o t o t y p e  p l a n t  w i l l  b e  d e s i g n e d  f o r  70 a t m o s p h e r e s  t o  v e r i f y  
t h i s  c o n c l u s i o n .  
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CONCLUSION 

The Syn thane  P r o c e s s  s t e p s  o f  g a s i f i c a t i o n ,  p u r i f i c a t i o n ,  and m e t h a n a t i o n  
have been  proven a t  t h e  B r u c e t o n  l a b o r a t o r i e s .  Recen t  improvements  of  t h e s e  
s t e p s  have he lped  t h e  o v e r a l l  p r o c e s s  and s h o u l d  make t h e  p r o c e s s  more a t t r a c t i v e  
e c o n o m i c a l l y .  A l t h o u g h  t h e  d e s i g n  o f  t h e  p r o t o t y p e  p l a n t  must  b e  f i x e d  soon ,  
con  t i n u e d  r e s e a r c h  is e x p e c t e d  t o  improve t h e  p r o c e s s .  

TABLE 1. - L a t e s t  tes t  r e s u l t s  o f  t h e  B r u c e t o n  g a s i f i e r  
compared t o  a s s u m p t i o n s  made i n  t h e  

economic r e p o r t  

Assumpt ions  P l a n t  t e s t  

Throughpu t  
25 l b / h r - f t 3  

P r o d u c t  Gas  
16.2 SCF/lb 
18.0  SCF/ lb  MAF 

CH4 
4.45 SCF/ lb  
4.95 SCF/ lb  MAF 

Test  196 199 197 204 
32 30 43 36 

18 .0  18.6 16.2 17.3 
1 9 . 4  20.2 17 .5  19.0 I 

4.40 4.65 4.16 4.51 
4.74 5.04 4.48 4.97 

cn4 27.5% 24.4 24.5 25.4 25.9 

Carbon C o n v e r s i o n  
To Gas 66.8% 66.3 71.0 59.0 64.9 

Steam Decompos i t ion  39% 38 3 2  32 37 
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Figure 5 .  bAtmosphere Fluid-Bed Gasifier 
(fluid-bed pretreater ) 


